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Introduction
In organic chemistry, complex tris(acetylacetonato)iron(III) or [Fe(acac) 3 ] , has been explored as a catalyst and reagent in many reactions. For example, [Fe(b-diketonato) 3 ] has been f ound to catalyze the reaction of N-sulfonyl oxaziridines with olefins to form 1,3-oxazolidine products [1] ; to catalyze the dimerization of isoprene to a mixture of 1,5-dimethyl-1,5-cyclooctadiene and 2,5-dimethyl-1,5-cyclooctadiene [2] ; to catalyze the cross-coupling reaction of Grignard reagents with alkyl halides [3] ; to catalyze the acylation of Grignard reagents [4] ; and to catalyze the ring-opening polymerization of 1,3-benzoxazine [5] . In the latter case, it has been found that by replacing the acetylacetonato ligand by hexafluoroacetylacetonato, the activity of the iron complex was remarkably enhanced [5] . From the various iron(III) complexes examined in the cross-coupling reaction of Grignard reagents with alkyl halides, [Fe(dibenzoylmethanato) 3 ] was found to be the most effective, as far as rates and deactivation [6] are concerned. Effective catalyst design should focus on factors such as catalyst efficiency, costs, toxicological benignity, environmental friendliness and long-term stability. It therefore is necessary to continuously study the basic structure and properties of complexes related to known catalysts.
In this contribution we present the synthesis, structure and properties of two [Fe(b-diketonato) 3 ]
complexes: where b-diketonato = 4,4,4-Trifluoro-1-(2-thienyl)-1,3-butanedione, abbreviated as tta (1); and 4,4,4-Trifluoro-1-(2-furyl)-1,3-butanedione, abbreviated as tffu (2) . For these β-diketonato-iron(III) complexes, with a unsymmetrical β-diketone ligand, two stereo isomers are possible: a facial isomer (fac) and a meridional isomer (mer); see Scheme 1. The ligands in the facial isomer are arranged symmetrically around the metal, while the ligands in the meridional isomer are arranged in such a way that one ligand is unsymmetrical. Density functional theory (DFT) calculations were carried out, using the ADF (Amsterdam Density Functional) 2012 programme [10] , with a selection of GGA (Generalized Gradient Approximation) functionals, namely PW91 (Perdew-Wang 1991) [11] , BP86 (Becke-Perdew) [12, 13] , and OLYP (Handy-Cohen and Lee-Yang-Parr) [14, 15] , as well as the hybrid functional B3LYP (Becke 1993 and Lee-Yang-Parr) [16, 17] . The TZP (Triple z polarized) basis set, with a fine mesh for numerical integration, a spin-unrestricted formalism and full geometry optimization, applying tight convergence criteria, was used for minimum energy searches. Scalar relativistic effects, with the ZORA (Zero Order Regular Approximation) formalism [18, 19, 20, 21, 22] , were included for all optimizations. Quazar multi-layer optics monochromated, Mo-Kα radiation by means of a combination of f and ω scans. Data reduction was performed using SAINT+ [23] and the intensities were corrected for absorption using SADABS [23] . The structure was solved by intrinsic phasing using SHELXTS and refined by full-matrix least squares, using SHELXTL + [24] and SHELXL-2013+ [24] . In the (2) 150 (2) Crystal system Trigonal Monoclinic
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Crystal structure analysis
Space group R -3 :H P 2 1 structure refinement, all hydrogen atoms were added in calculated positions and treated as riding on the atom to which they are attached. All non-hydrogen atoms were refined with anisotropic displacement parameters, except C5 in [Fe(tta) 3 ] (1), all isotropic displacement parameters for hydrogen atoms were calculated as X × Ueq of the atom to which they are attached, where X = 1.5
for the methyl hydrogens and 1.2 for all other hydrogens. Crystal data and structural refinement parameters are summarized in Table 1 . Figure 1 and . There is some indication of site disorder, due to the possibility of the thienyl ring being present in two different orientations. Due to the quality of the crystal data, it has not been possible to determine a realistic model, incorporating both possible anti and syn orientations in the refinement, even though the difference electron density map did reveal a suitable peak at a distance of 0.45 Å from C5. Models that were investigated in refining the S1 : C5 ratio, suggested that the ratio of the two orientations of the structure, as presented in Figure 1 , was more than 80 : 20. The solution with the best refined structure resulted from refining the C5 atom isotropically, which is the orientation presented in 
Results and Discussion
Torsion angle (°)
Fe1-O1-C1-C2 7.6(7) -11.6(7)
Fe1-O2-C3-C2 0.6(6) 10.4(7)
O1-C1-C2-C3 -1.6(7) -1. 
Computational chemistry study
Tris(β-diketonato) iron(III) complexes are stable molecules, with the metal in a high-spin state (S = (1) and (2); or C 1 symmetry for complexes with unsymmetrical β-diketone ligands, arranged in such a way that they have no symmetry operation, e.g. the mer isomers of (1) and (2) [28] . The relative energies are given in Table 3 . OLYP and B3LYP successfully predicted a sextet ground state (Table 3) does not exhibit Jahn-Teller distortion, since the e orbitals are doubly degenerate. The rati os of the fac : mer isom ers, calculated by the Bol tzmann equati on f or the different functionals, are given in 3 ] is the first tris(β-diketonato) iron(III) complex for which both the fac and mer isomer is characterized by solid X-ray crystallography, according to the CSD [34] . 
